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SUMMARY

A rsm-jet canard missile model having

Jr.

a wing and horizontal and
vertical canard surfaces of delta plan form with 70° swept leading edges
was tested in the Langley 4- by k-foot supersonic pressure tunnel. Two
ram-jet nacelles were mounted in the vertfcal plane on unswept pylons
near the rear of the body. The center of gravity of the model was at
-19.5 percent of the wing mean aerodynamic chord. Force characteristics
of the missile configuration and various combinations of its components
were determined at a Mach nuniberof 1.61 and a Reynolds number of

3.83 x 106 based on the wing mean aerodynamic chord.
4

The slopes of the lift and moment cties for the bcdy, body-wing,
and body-wing-canard configurations agreed well with linesr theory. All
configurations with the wing on were longitudinally stable. The addition
of nacelles to the body alone increased the longitudinal stability, but
in the presence of the wing the nacelles produced a destabilizing mohent.

An analysis of the drag breakdown indicated no significant drag
Interference effects. With the flow at the inlet choked (the only con- .
dition tested) the drag of the nacelle-pylon combination comprised
60 percent of the total bag of the ccmplete configuration. Of this
nacelle-pylon drag, approximately 36 percent was due to internal dr~. “ -
A maximum lift-drag ratio of 3 was obtained for the complek configuration
at a angle of attack of’lOO.

Changes in nacelle position had little effect on the lift and drag
of the complete model; however, as would be expected, the directional ..
stabili~ was increased by an outboard or rearward movement of the
nacelle-pylon combination. The complete model had negative effective

. dihedral resulting from the roll increment produced by the nacelles.
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by 4-foot supersonic pressure “
tunnel to determine the aerodynamic characteristics of a ram-jet cansrd
missile configuration at a Mach number of 1.61. The qodel had a wing
and horizontal and vertical cansrd surfaces of delta plan form with 70°

—

swept-leading edges. Two ram-jet nacelles were mounted in the vertical
plane on short unswept pylons near the rear of the bow. The model was :
equipped with all-movable csm~d surfaces for both pitch and yaw control
and movable wing-tip ailerons for roll control. The l%ious component “ .“+
parts of the model could be removed to permit the investigation of the
complete configuration or various combinations of its component psrta to
determine general interference effects.

—

The present investigation was part of a-coordinated research program
with the Langley Pilotless Aircraft Resesrch Division. The object of the .1-. -
wind-tunnel program was to provide preflight aero@vami.c data and to
evaluate various interference effects not capable of determination-in

_—

flight.
-=

The results of the investigation of the stability and control ‘
,.—:.

characteristics of the complete model are presented in.refer~nce 1. This _.
—
-.

paper presents the longitudinal- and lateia~~f-orcecharacteristics of
——

various combinations of the component parts of the model with the nacelle- .. ..=
pylon combination located in various positions. The reference center of
gravity was at -19,5 per cent of the wing mean aerodynamic chord. Tests—

-6were run at a Mach number of 1.61 and a Re~-olds number of 3.83 x 10
based on the wing mean aero~amic chord.

COEFFIC1.ENTSAND SYltEOI.S

The results of the tests sre “presentedas standard NACA coefficien~a
of forces and moments. The data are referred to the stability-axe~
system (fig. 1) with the reference center of gravity at -19.5 percent OF
the wing mean aerod~amic chord.,

The coefficients and symbols are

CL lift coefficient, Lift/qS,

—.

defined as followk:

where Lift . -Z

CLF lift-coefficientbased on body frontal area, Lift/qF

CD drag coefficient, Drag/qS, where Drag . -X

%
drag coefficient based on body frontal mea, ~rag/qF ““

*
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pitthing-moment

pit’thing-moment
frontal area,

3

coefffcient, M’/qSF

coefficient based on body l&gth and body
M’/qF1

lateral-force coefficient, Y/qs

yawing-moment coefficient, N/qsb

rolling-moment coefficient L/qSb

force along Y-axis, lb

force along Z-axis, lb

moment about Y-axis, lb-ft

moment about X-axis, lb-ft

moment about Z-axis, lb-ft

free-stream dynamic pressure, lb/sq ft

Mach number

total wing area, including body intercept, o.6g48 S~ ft

horizontal canard area (exposed), 0.0222 sq ft

vertical csmard sxea (exposed), 0.0222 and 0.0111 sq ft

body frontal area, 0.03875 sq ft

ting SPan, 0.988 ft

wing-section chord, ft

J

~

wing mean aerodynamic chord, 0.957 ft, g 2 c2dy

‘o’

distance along wing span from model center line measured
normal to plane of symuetry

.

body length, 4.23 ft

angle of attack of body center line, deg
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VL

sm.gleof si.deslip,

effective-diheitral
coefficient with
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_s
deg .. i’-.—

+
7=

parameter, rate of ch~e of-rolling-moment- ‘-- ~ ,_
angle of sideslip per de@ee, aczlap ——

rate of change of pitching-n+omentcoefficient with angle of
..

attack per degree, aCm/b .
,,.—_-

ratio of lift to drag, CL/@
.-

.—.—

for configurations:
*

body

wing
*
. ..—

..
nacelles and supporting pylons

— . .=

horizontal canard surfaces ,...~ .:;..-=,— -. -s

small vertical canard surfaces

lsrge vertical canard surfaces

. . .
—

—

—

—
.—

MODEL AND AI?PARATUS

●

A three-view drawing of the basic model is shown in figure 2 and of
the canard control surfaces in figure 3. The various nacelle positions
are shown in figure 4. A drawing of the wing showing the area considered “ ~
enclosed within the body is shown in figure 5. The geometric character-
istics of the model are-given in table I.

The model was composed of a cylinctrical
a parabolic section and a frustum of a cone.
are given in table 11. The canard surfaces,
horizontal and vertical planes and had delta

—:=
body with a nose formed by
Coordinates for the body

figure 3, were in both the ,“ ‘:;
plan forms with 70° swept . .=

leading edges. The canard surfaces were all-movable afidwere deflected
about an axis normal to the body center line. The vertical canards were
of two sizes, the large one hawing the same area as the horizontal
canards, and the small one having one-half the =ea of the horizontal ‘

–7

cansrds. The main wing was located in the horizontal plane and was also
of delta plan form with a 70° swept leading edge. The_nacelles were —..
mounted on short, unswept pylons. Coordinates for the Dacelle and nacelle _ .= ‘~
center body sre given in table III. All components of the model were ‘ J,c-~
removable so that tests of various c~mbinations of components could be - ‘=‘- ‘“~
made.

,.-.— .

T-

.
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Force measurements were made through the use of a six-component
internal strain-gage balance. The model was mounted in the tunnel on
a 6° bent sting (ref. 1) to permit testing the model in combined pitch
and yaw attitudes. By use of the bent sting, it was possible to test
through the angle-of-attack range at sideslip angles of 0° and 6° and
through the angle-of-sideslip rsmge at angles of attack of 0° and 6°.

In order to determine the internal characteristics of the nacelle,
a pressure survey rake with both total-pressure and static-pressure
orifices was installed at the nacelle-exit plane for a portion of the
test series.

The tests were conducted in the Langley 4- by 4-foot supersonic
pressure tunnel. The tunnel is described in reference 2.

TESTS AN-DPROCEDURE

The test conditions were:

Machnuriber. . . . . . . . . . . . . . . . . . . . . . . . 1.61

Reynolds nmber, based on wing mean aerodynamic chord. . . 3.83 x 106
Stagnation pressure, atm . . . . . . . . . . . . . . . . . 1.0 “
Stagnation temperature, ‘F . . . . . . . . . . . . . . . . llo
Dewpoint, OF. . . . . . . . . . .. . . . . . . . . . . . . <-25

. The model configurations tested are listed in the following tables:

For the pitch tests -
.

a, deg ~, deg Model configuration Nacelle position

-4 to 14 0 B+W+N-I-H+V Forward inbosrd
-4 to u o B+W+N+H+V Aft inboard
-4 to-14 o B+W-iN+H+VL Forwsxd inboard
-4 to 12 0 B+W+N+H+VL Forwud outboard
-4 to 10 0 B+W+N+H+VL Aft outboard
-4 to 10 0 B ----------------
-4t03 o B+W ----------------
-4 to 10 0 B+H --.-------------
-4 to 10 0 B+H+V ----------------
-4 to 12 0 B+N Forward inboard
-4 to 14 0 B+W+N Forward inboard
-4 to 4 0 B+W+H+~ ----------------
-4 to 8 0 B+N+H+V Forward inboard
-4 to 12 0 B+W+H ----------------

.
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For the yaw tests -

a, deg

o
oand6
o
0
0
0
0
0
0and6
o
0
0
0and6
0and6
o
0

p, deg

-3 to 8
-4 to 10
-4 to 10
-4 to 10 ~
-4 to 10
-4 to 10
-4 to 12
-4 to 10
-4tolo”-
-4 to 10
-4 to 8
oto8
-4 to 10
-4 to 10
-4 to 10
-4 to 8

Results of a
erence 1 indicate
and that the Mach

Model configuration

B +11”+11 “
B+W+N+H+-V
B+W+N+H+V
B+W+N+H+.VL
B+W+N+H+LL
B+W+N+H+VL
B+W+N+H+VL

B
B+W
B+H
B+V

B+H+V
B+N

B+W+N
B+W-I-H+V
B+N+H+V

CORRECTIONS AND ACCURACY

NACA RM iXi3AL4

—.

Nacelle position

----------------
ForWard inboard
Aft’inboard
Aft inboard

For%rd inboard
Aft outbosrd

Forward outboard
----------------
----------------
----------------
----------------
----------------
Forward inboard
Forward inboerd
----------------
Forward inboard

—

-,——. —

more complete calibration than that referred to in ref-
that the flow in the test section was_reasonably uniform
number was 1.61 instead of 1.60 in the area.occupied by

the model. The Mach number variation in the test section was ti.01 and _ “ ~-
the flow-angle variation in the horizontal and vertical_plames was &O.lm. ,.5
No corrections were applied to the data to account for these flow varia-
tions. T’heangles of attack and sideslip were corrected for the deflection 5“_~
of the balance-under load. The base pressure-was measured and the dr~—— L .>
data were corrected to a base pressure equal to the fre.e-stresmstatic
pressure. Errors in the base-pressure rmsasurementsare included in the
estimated error of CD. No corrections were made for sting interference.

.—— —— _

The estimated errors in the individual measured quantities are @E . i
.

.-=

follows:

c~...
CL...
CD...
Cy...
Cn...
CL...
a, deg .
~, deg .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . . . . .

. . . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

. . . . . . . . . .

m .0004
m .004

to .0023 —

io .001
to ,0005

—
—

@ .0004
-LO.1O

. .,
M.1O
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RESULTS ANTIDISCUSSION

In mQst of the tests employing vertical canard surfaces, the small
vertical canard surfaces were used; therefore, these will be the cansrd
surfqces referred to unless otherwise designated. For these tests the
complete basic model consists of the body, wing, twin nacelles with
sup-portingpylons (forward inbosrd position), the horizontal cansrds, and
the small vertical canards (B + W + N + H + V).

For all the tests the nacelles were open and the data include effects
of titernal flow. The nacelles were designed for a Mach number of approxi-
mately 2.10, but for this investigation the flow though the nacelles
was subcritical and was choked nesx the lip. Because of the fixed
geometry of the nacelle-center-body combination, the contraction ratio
could not be reduced in order to permit starting.

Presentation of Results

.
A schlieren photograph showing the shock formation at the nacelle

inlet is presented in figure 6. The aerodynamic characteristics in pitch
of the complete model and various combinations of its components are
presented in figures 7 to 11. Figure U’ presents “thelift-drag ratios
as a function of angle of attack for the complete model and vsrious
combinations of its components. Figwe 13 presents the effects of nacelle
position on the l~t-drag ratios of the complete model. The aerodynamic
characteristics in pitch of the body alone, body + wing, body + horizontal
canard, and body + wing + horizontal canard and a comparison with theory
are presented in figures 14 to 17. The aerodynamic characteristics in.
yaw of the complete model and vsrious corribinationsof its components at
a.oo ad 6.3o me presented in figures 18 to 21.

Longitudinal Characteristics

Lift and pitch.- ,~e complete basic model with the center of gravity
at -19.5 percent of the mesm aerodynamic chord is longitudinally stable
(fig. 7) with a linesr pitching+noment curve up to an angle of attack of
approximately ll” at which point the slope of the pitching-nmment curve
c% becomes essentially zero up to a = 14.5°, which was the limit of,.the

tests. All configurations with the wing on are longitudinally stable.
The presence of the horizontal and vertical canard surfaces decreases the
stability of the complete model. Figure 8 indicates that moving the
nacelles inbosrd or moving the nacelle-pylon combination aft caused the

. presence of the nacelles to be less destabilizing. The nacelles in my
position have a destabilizing effect on the complete model. The static
msrgins for the various nacelle locations are:

.—
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Forward inboard nacelle . . . . . . . . . . . . . . .-”’.13.6percent~ ““ – ‘_
‘–=

Aft inboard nacelle . . . . . . . . . .’........ 16.Opercent@ ...s
Aft outboard nacelle . . . . . . . . ...”... ..1. 13.4 percent E .. . .=
Forwsrd outboard nacelle. . . . . . . . . . . .’. . . . 10.7 percent 5 .

The static margin decreased with a forward or outb.oar~shift In nace~e
— ..— .—x .=

position.
.

.,4
The addition of the nacelles to the bo@ alone (Fig. 9) increased - _. - ~

--

the total lift slightly and provided a small stabilizfig moment to.the -7:
body in direct opposition to the results forthe complete model. ‘ “

~*-

-.

A large portion of the drag at a . 0° is due to the presemce _. .;
of the nacelles. The drag of the nacelles and siipport-fngpylons (fig._9)
is about three times the drag of the body alone agd approximately @ per-

.

cent of the drag of the complete configuration.
J

The internal tisg

(fig. 8), as determined from a consideration of a,momentum balance from ___ -.:
free-stream conditions ahead of the inlet to conditio@ at the exit,
indicates a value of internal drag which wasa]proxima&ely 36 percent of + .~
the measured nacelle-pylon drag. —,

,, *
The’schlieren photograph (fig. 6) shows-the shock fow”tion at the

_—.

nacelle inlet for the present investigation. (we nacelle design”l.fach~-‘ ~ ,;
number was 2.10.) The position of the conical shock aridthe fact that --- . =
the normal shock was forward of the lip indicate that the additive drag ,-
and spillage losses were high in this off-design condition. The internal ._ ..:
bag determined from a pressure survey of the exit wasalso very high.
On the basis of an estimate of the nacelle drag (refs. _3and 4) and the . _
pylon drag, it is believed that the measured drag increment is approxi- _ -.=
mately equal to the sum of the drags of the component parts; thus .:
interference effects appear to be slight.

— ..-— -n.44.-

Slight changes in drag due to nacelle position are.also evident .
—i

(fig. 8). The forward inboard position has the smaUeSt incremental drag
—

of the four positions. Moving the nacelles cwtward increases the drw,
chiefly becau6e of the increased strut srea. Moving the nacelles rear-
wsrd also appesrs to increase the drag, although this @_crement ~s within
the accuracy of the data. .“

<—
The results of reference 3 show the same general trends with nacelle

position as are shown in this report; however, comparison is necessarily
limited because of basic differences between configurations tegted.

— .-- .- -.
Effect of vertical canard size.- The large and small vertical ck.nards

(fig. 11) have no effeet upon the complete model in pitch.
the configuration with the small vertical cti”ardsis higher
the large vertical.canards apparently because of the higher
ratio and altered section of the small csmard.

The drag of ‘..;. L
than that with’
thickness _ ..... ~ ,
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~“ - The Geatest penalty in
nacelles we added fig. 12) since the nacelles
increments in drag &d-decrea6e the lift of the.
stated, the data of references 3 s.nd4 indicate

~.

L/D occurs when the
provide the largest
-. As previously
that this decrease in

L/D would be expected because of the addition of the nacelle-pylon
combination. A maximum value of L/D of approximately 3 was obtained
for the complete configuration at a . IO”. Nacelle
effect on L/D (fig. 13).

Comparison with Theory

A comparison of the characteristics in pitch of
based on body length and body frontal srea (fig.J4)
reference 5 indicates good agreement throughout most
attack rage. It should be noted that, for the drag

position had little

the body alone
with the theory of
of the angle-of-
curves of the body -

alone, the dashed curve represents the theoretical vsriation of drag
coefficient with angle of attack based on the ‘experimentaldrag coeffi-
cient at a =OO.

For the B + W, B + H, and B + W + H configurations, the methods of
references 6 and 7 were employed to predict the slope of the lift and
pitching-moment cmves. These methods employ a modified slender-body
theory which does not ticlude viscous effects. The theory as indicated
in figures 15 to 17 is, therefore, modified to include viscous effects
on the body as determined from reference 5. For the case of the B + W + H
configuration, the theory was determined by first calculating the slopes

. for the B + H configuration by the methods of references 6 and 7 and then
adding the effect of the wing alone. The lift of the wing alone was
determined from the data of reference 8 and the center of pressure was

. assumed to be at two-thirds of the root chord. This method, of course,
does not consider the wing-body interference effects or any shift with
angle of attack of the wing center of pressure. Downwash effects of the
cauard surfaces on the wing also were determined by the method of refer-’
ence 9. Figure 10 indicates that the downwash effects of ~he cansrd
surfaces on the wing decrease the lift of the wing by an amount approxi-
mately equal to the lift of the canard.surfaces. ‘lTheseeffects are in
sgreement tith the theory advanced in reference 9. The agreement of
theory with the experimental Lata is reasonably good.

Lateral Characteristics

.

...-

+
—L

Directional stability of the basic model.- In general, the model is
directionally stable for configurations with the nace~e-pylon conibina-
tion on and unstable with it off (fig. 18). The wings and horizontal.
canuds have little effect on the directional stability of the complete
model. The flagged s@ols (fig. 18(b)) represent a check run on the

.



10 NACA RM L53A14

complete configuration. !I!nediscrepancies.in yawing moment between the
two runs we probably due to model or canerd misalin~ment.

The body alone (fig. 19) is unstable ~irectionally with the wingB
and horizontal cansrds having no effect on the directional stability. The
nacelles (forward inboard poeition) provide the directional stabilizing
moments aE indicated previously.

—. —L
Rolling moments of the basic model.- At an angle of attack of 0°

(fig. 18(a)), rolling moments for all configurations are essentially
zero since the model is symmetrical. The slight deviations from zero
rolling moment are due to asymmetric conditions in the tunnel m“d to
model misalinem.mt. At an angle of attack of 6.3o (fig. 18(b)), the
complete basic model has negative effective dihedral, or positive c2p”

The body -t-wing configuration has a negative value of C~P or

positi= effective dihedral. The addition of the nacelles to the body-
wing configuration results in a large positive value of CIP. The

addition of the horizontal and vertical canards or the wing shifts the
value of C~~ in a negative direction.

Effect of canard size.- The basic configuration (forward inbosrd -
nacelle position) with the lsrge vertical canards (fig. 20), that is,
vertical cansrds with the same area as the horizontal csnards, is
neutrally stable directionally in the regioriwhere ~=0° andis
unstable throughout most of angle-of-sideslip range. When the area of
the vertical cansrds is halved, as in the case of the”~mall vertical -.-
canards, the complete model becomes stable “directionallythroughout the
angle-of-sideslip range.

Effect of nacelle position.- Figure 21 indicates that, with the
nacelles in the outboard position, which involves an increase in pylon
area, the directional stability is increased. Moving the nacelles aft
further increases directional stability because of the_increased moment J
arm. An aft or an outboard shift of the nacelles, or both, would —
probably increase the poeitive value of C2 .

P

CONCLUSIONS
.,

A ram-jet canard missile model having a wing and horizontal and
vertical canard surfaces of delta’plm form with 70° swept leading edges .
waE tested in the Langley 4- by 4-foot supersonic pressure tunnel. Two
ram-jet nacelles were mounted in the vertical plane on unswept pylons
nesr the rear of the body. The center of gravity of the model wae at
-19.5 percent of the mesa aerodynamic chord. Force characteristics of
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a the missile configuration and vsrious combinations of its components
were determined at a Mach number of 1.61 and a Reymolds number of

. 3.83 x 106, based on the wing mean aerodynamic chord. The results of
this investigation indicated the following conclusions:

1. The slopes of the lift and moment curves for the body, body-wing,
and body-wimg-cansrd configurations sgreed well with linesr theory.

2. All configurations with the wing on were longitudinally stable.
The addition of nacelles to the body alone increased the longitudinal
stability, but in the presence of the wti the nace~eB Produced a
destabilizing moment.

3. An analysis of the drag breakdown indicated no significant drag
interference effects. With the flow at the inlet choked (the only
condition tested) the drag of the nacelle-pylon combination comprised
60 percent of the total drag of the complete confirmation. Of this
nace~e-pylon drag, approximately 36 percent iS due to internal ~ago
A msximum lift-drag ratio of 3 was obtained for the complete configura-
tion at an angle ~f attack of 10°.

4. Chemges in nacelle position had little effect on the lift and
&rag of the complete model; however) as would be expected, the directional
stability was increased by an outboard or rearwerd movement of the
nacelle-pylon conibination.

5. The complete model had negative effective dihedral resulting from
. the roll increment produced by the nacelles.

.
Langley Aeronautical Laboratory,

National Advisory Cormnitteefor Aeronautics,
Langley Field, Vs., January 6, 1953

+
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TABLE I.-

Bocly:

CHARACTERISTICS

. .

. .

. .

. .

. .

. .

M&imum diameter, in. . . . .
Length, in. . . . . . . . . .
Fineness ratio . . . . . . . .
Base srea, sq in.... . . .

2.666”
50.833
19.067
5.583

.
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.
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.
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.
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●
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✎

✎
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.
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.

.

.

.

.

.
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.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
,
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
.

.

.

wing :
Span in.
Chord at
Chord at

IJ.853
17.069
4.606

100.049
1.404

70
0.0147
0.0543

I_5.6
I_J_.48

. . . . . . . . . . .
body center line, in.
aileron break line, in.”.

&ea (including that within body) q in.
. .
. .
. .

Aspect ratio . . . . . . . . . . . .
Sweep mgle of leading edge, deg . .
Thickness ratio at body center line.
Thickness ratio at aileron break line. .

edge,Leading-edge angle normal to leading .
Mean aerodynamic chord, in. . .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Aileron:
Area, sh in. . . . . . . . . .
Mean aerodynamic chord, in. .

Large canard surfaces:
Area (exposed), sq in. . . . .
Mean aerodynamic chord, in. .

Small vertical canard surfaces:
hea (exposed), sq in. . . . .
Mean aerodynamic chord, in. .

3.201
3.071

.

.

6.406
2.576

.

.
.

.
3.203
1.821 ““

.

.

.
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TABLE II.- BODY COORDINATES v -.

Body station

o
.297
.627
.956

1.285
1.6M
1.945
2.275
2.605
2.936
3.267
3.598
3.929
4-.260
4.592
4.923
5.255
5.587
5.920
6.252
6.583
11.542
50.833

Radius

o
.076
.156
.233
.307
.378
.445
.509

—

“.573
.627
.682
.732
.7&3
.824
.865
.903
.94C
.968 I
.996

—

1.020-

11.042 conical section
1.333
1.333 cylindrical section

.’

—

.. ..
—

.

.

8

.
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TABLE III. - NACELLF AND NACELI.E-CENTFR-BODY GEOMETRY

R

-p--- ‘“” ~

x ,R

0 0

.893 .325

l.cflo .3&l

1.167 .402

1.333 .429
1.37-5 .433
1 .&xl .441
1.667 .443
2.333 .41_8

3 .Cco .375
6.208 .157

x

.!%3
7.603

13.712
14,962

r

a .706

a.’%

a.%
al .069

‘All internal contours are straight

II6

surfaces between the pints mted. +’
Ln
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Figure 5.- Wing and aileron. Shaded area indicates area of wing enclosed
by body. All dimensions in inches.
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.

.“
o Complete model (B+ W+ N+ H+V)
A B+ N+H+V

4
❑ B+ VJ+H+V
O B+W+N

— M

FiWe 7.- Effect of verious
in pitch of the

Angle of attack, a, deg

components on the aerodynamic characteristic
complete basic model. M= 1.61.
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Angleof attack, ci, deg

Figure 7.- Concluded.-
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.

%

Nacelle position Mtical canard
14 0 F6rward inboard

P
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O Aft inboard Small
A Aft outboard Large

12 h Forward outboard Large
~ Nacelle off Large

Ic

8 /

G (

~

2

0 A

–2

–4

~
–:2

-.1 0 .1 .2 .3 .4 .5 .6

Lift coefficient, CL

.
Figure 8.- Effect of nacelle po6ition on the aerodynamic characteristics

in pitch. M = 1.61.
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Lift coefficient, CL
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Figure 8.- Concluded.
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Figure 9.- Effect of vsrious components on the
in pitch of the body alone.
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aerodynamic characteristics
M= 1.61.
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Figure 10.- Effect of horizontal canards on the aerodynamic characteristics
in pitch of a body-wing combination. M . 1.61.
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~
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Figure 11.- Effect of vertical canard size on the aerodynamic character- ._
istics in pitch of the complete basic model. M = 1.61. a
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-1

Nacelle Position Vertical Canard

Forward inboard Small
Forward inboard Large
Aft inboard Small
Aft outboard Large
Forward outboard Large

o
d

5 ‘ u
A
L

4

3

2

I

o ,1 .2 .3 .4 .5 .(

~
Lift coefficient, CL

Figure 13. - Effect of nacelle position on the lift-drag ratio for the—
complete model. M= 1.61.
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Aerodynamic characteristics in pitch of the body alone.
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Figure 15. - Aerodynamic ch~acteristics in pitch of the body + wing.
M = 1.61.
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Fi~e 17. - Aercdynamic characteristics in pitch of the
body * wing + horizontal canard surfaces. M . 1.61.
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Figure 18. - Effect of various components on the aerodynamic characteri~tics
in sideslip of the complete basic model. M = 1,61,

~“”



.

.

NACA FM L53A14 ~ ‘“

.5
0 Complete model (B+ W+ N+H+V)
AB+N+H+V

.4 ❑ B+ W+H+V

OB+W+N

.3H vB+w+hl+li

.2
Q

.1‘
%

o
a 1-

-1r
.!

:2

-.3

k

-4

?2

-.5 ‘ I I I

39

E Angle of sideslip, ~, deg

(a) Concluded.

Figure 18. - Continued.
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Figure 19. - Effect of the various components on the aerodynamic character-
istics in sideslip of the body alone. a . 0°, M = 1.61.
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Figure 20.- Effect of vertical canard size on the aerodynamic character-
istics in sideslip of the complete basic model. u . 0°, M= 1.61.
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Figure 21. - Effect of nacelle position on the aerodynamic cha
in sideslip of the complete model. M = 1.61.
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